Systematic evaluation of manipulation of nanobubbles using different ultrasound transducer geometries and excitation pulses by Thomas, Nimish












THE UNIVERSITY OF QUEENSLAND 




Systematic Evaluation of Manipulation of Nanobubbles using 




Student Name:  Nimish THOMAS 
 
Course Code: MECH4500 
 
Supervisor: Associate Professor Martin Veidt 
 
Submission date: 28 October 2016 
 
 
A thesis submitted in partial fulfilment of the requirements of the Bachelor of Engineering 




































































































































































































𝑝 = 𝑝𝑔 + 𝑝𝑣
𝑝𝑔 𝑝𝑣
𝑝𝑔 + 𝑝𝑣 − 𝑝∞ =
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∙ (∅̇𝑛 + 2∅̇𝑙) +
3
𝑑𝑛𝑙
2 [∅̇𝑙 ∙ (∅𝑙 − ∅𝑛)][(∅𝑛 − ∅𝑙) ∙ (∅̇𝑛 + 2∅̇𝑙)]}  
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2 [∅̇𝑙 ∙ (∅𝑛 − ∅𝑙)] − ∅̇𝑙}


















𝜒 = 1 +  0.197𝑅𝑒0.63  +  2.6 ∗ 10−4 Re1.38 
















𝐹𝑏𝑢𝑜𝑦𝑎𝑛𝑐𝑦 + 𝐹𝑏𝑗𝑒𝑟𝑘𝑛𝑒𝑠 − 𝐹𝑑𝑟𝑎𝑔 = 0







































































































































































𝑓 = 25 𝑘𝐻𝑧   →  𝜔 = 2𝜋𝑓  
𝑟𝑎𝑑
𝑠
































































𝑝𝑒𝑥 = −𝑝𝑎 sin(𝜔𝑡) cos (𝑘𝑑)
𝑝𝑎 𝜔













































y = 4E-06x2 - 0.0005x + 0.0237
R² = 0.9794
y = 1E-05x2 - 0.0014x + 0.0918
R² = 0.9995
y = 1E-05x2 - 0.0014x + 0.0872
R² = 0.9995
y = 5E-06x2 - 0.0006x + 0.0312
R² = 0.9991























Variation of Sample Viscosity vs Temperature
Sample 1 Sample 2 Sample 3
Sample 4 Water Poly. (Sample 1)













































































Trial  Pixels X1 Pixels X2 Pixels Y1 Pixels Y2 X Calibration Y Calibration 
1 966.6032 978.9277 848.8651 836.546 0.08113919429 0.08117476114 
2 455.9043 469.3437 591.2757 578.9562 0.07440808369 0.08117212549 
3 838.9285 851.248 726.7901 714.4706 0.08117212549 0.08117212549 
4 635.0969 621.6574 640.5536 629.3541 0.07440753004 0.08928970043 
5 329.3495 341.669 603.5952 591.2757 0.08117212549 0.08117212549 
6 265.5121 277.8316 125.3749 136.5744 0.08117212549 0.08928970043 
7 495.1027 507.4221 762.6286 751.4291 0.08117278439 0.08928970043 
8 533.1811 546.6205 395.2837 382.9642 0.07440808369 0.08117212549 
9 137.8374 150.1569 395.2837 407.6032 0.08117212549 0.08117212549 
10 405.5063 416.7059 483.7601 471.4406 0.08928890318 0.08117212549 
     Average Average 





√(𝑥2 − 𝑥1)2 + (𝑦2 − 𝑦1)2











































Comparison of Representative Arrays vs Averages
Water 50 mL carbopol 150 mL Carbopol 300 mL Carbopol 400 mL Carbopol Averages
𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 (𝐶𝑉) =
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 (𝜎)
𝑀𝑒𝑎𝑛 (𝜇)
Average Radius Radius CV Average Velocity Velocity CV
Water 0.632 0.191 102.191 0.063
50 mL Carbopol 1.449 0.114 337.659 0.074
150 mL Carbopol 0.984 0.089 45.297 0.071
300 mL Carbopol 1.868 0.129 83.089 0.133
400 mL Carbopol 2.080 0.090 133.555 0.105
 
 y = 175.12x - 28.446
R² = 0.9175 y = 149.82x + 17.493
R² = 0.9443



























Effect of Ultrasound Excitation on Air Bubbles in Water 
Water Control Water 1 MHz Water 3 MHz


























Effect of Ultrasound Internsity on Air Bubbles 
Intensity 0.8 Intensity 1.6 Intensity 2.0
Intensity 2.5 Linear (Intensity 0.8) Linear (Intensity 1.6)
Linear (Intensity 2.0) Linear (Intensity 2.5)
 y = 173.67x - 28.038
R² = 0.874
y = 254.37x - 130.67
R² = 0.8561
























Effect of Ultrasound Excitation on Air Bubbles in Water with 50 mL Carbopol
50 mL Control 50 mL 1 MHz 50 mL 3 MHz
























Effect of Ultrasound Excitation on Air Bubbles in Water with 150 mL Carbopol
150 mL Control 150 mL 1 MHz 150 mL 3 MHz

























Effect of Ultrasound Excitation on Air Bubbles in Water with 
300 mL Carbopol
300 mL Control 300 mL 1 MHz 300 mL 3 MHz
























Effect of Ultrasound Excitation on Air Bubbles in Water with 
400 mL Carbopol
400 mL Control 400 mL 1 MHz 400 mL 3 MHz


























Effect of Ultrasound Excitation on Air Bubbles in Mediums with 
Different Densities
Water Control 400 mL Control 300 mL Control
50 mL Control Linear (Water Control) Linear (400 mL Control)






















Effect of Ultrasound Excitation on Air Bubbles in Water 
Water Control Water 1 MHz Water 3 MHz
Theoretical Prediction Linear (Water Control) Linear (Water 1 MHz)























Effect of Ultrasound Excitation on Air Bubbles in Water with 50 
mL Carbopol
50 mL Control 50 mL 1 MHz 50 mL 3 MHz
Theoretical Prediction Linear (50 mL Control) Linear (50 mL 1 MHz)
























Effect of Ultrasound Excitation on Air Bubbles in Water with 
150 mL Carbopol
150 mL Control 150 mL 1 MHz 150 mL 3 MHz
Theoretical Prediction Linear (150 mL Control) Linear (150 mL 1 MHz)

























Effect of Ultrasound Excitation on Air Bubbles in Water with 
300 mL Carbopol
300 mL Control 300 mL 1 MHz 300 mL 3 MHz
Theoretical Prediction Linear (300 mL Control) Linear (300 mL 1 MHz)























Effect of Ultrasound Excitation on Air Bubbles in Water with 
400 mL Carbopol
400 mL Control 400 mL 1 MHz 400 mL 3 MHz
Theoretical Prediction Linear (400 mL Control) Linear (400 mL 1 MHz)




































𝑉 = 9.515 ∗ 104 − 95.36 ∗ 𝜌 − 3.622 ∗ 104 ∗  𝑅0
2 − 1.033 ∗ 106𝜇 + 8.846 ∗ 𝐼 + 36.40
∗ 𝜌𝑅0
2 +  1.052 + 103 ∗ 𝜌𝜇 + 4.007 ∗ 105 ∗ 𝜇𝑅0
2 +  −4.093 ∗ 102 ∗ 𝜌𝜇𝑅0
2
− 7.121 ∗ 10−12 ∗  𝜌𝜇𝑤2








𝑅0 = 𝑏𝑢𝑏𝑏𝑙𝑒 𝑟𝑎𝑑𝑖𝑢𝑠 [𝑚𝑚]
𝜇 = 𝑙𝑖𝑞𝑢𝑖𝑑 𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 [𝑃𝑎. 𝑠]




























































































 (g) (%) (mL) (%) (kg/m^3) (%) 
Water 
53.94 ±0.10 54.00 ±1.85 998.89 ±1.95 
63.34 ±0.09 64.00 ±1.56 989.69 ±1.66 
61.08 ±0.10 61.00 ±1.64 1001.31 ±1.74 
300.00 
51.65 ±0.09 50.00 ±2.00 1032.90 ±2.09 
59.23 ±0.08 58.00 ±1.72 1021.21 ±1.81 
51.34 ±0.09 50.00 ±2.00 1026.70 ±2.09 
50.00 
52.14 ±0.10 52.00 ±1.92 1002.69 ±2.02 
51.89 ±0.10 52.00 ±1.92 997.88 ±2.02 
56.97 ±0.09 57.00 ±1.75 999.47 ±1.85 
400.00 
50.43 ±0.09 49.00 ±2.04 1029.08 ±2.13 
52.95 ±0.09 51.00 ±1.96 1038.24 ±2.05 
49.93 ±0.09 48.00 ±2.08 1040.21 ±2.18 
150.00 
50.36 ±0.10 50.00 ±2.00 1007.20 ±2.10 
60.20 ±0.09 60.00 ±1.67 1003.25 ±1.76 
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2 +  1.052 + 103 ∗ 𝜌𝜇 + 4.007 ∗ 105 ∗ 𝜇𝑅0
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𝑅0 = 𝑏𝑢𝑏𝑏𝑙𝑒 𝑟𝑎𝑑𝑖𝑢𝑠 [𝑚𝑚]
𝜇 = 𝑙𝑖𝑞𝑢𝑖𝑑 𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 [𝑃𝑎. 𝑠]
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